Design and objectives: To identify and compare how intensive care unit specialists in the United Kingdom and Australia and New Zealand self-reportedly define, assess and manage fluid overload in critically ill patients using a structured online questionnaire.
Introduction
Pathological fluid overload 1 is common in the critically ill. However, the definition and optimal management of fluid overload remain poorly defined. 2 An increasing body of evidence links fluid overload during intensive care unit (ICU) stay with increased duration of mechanical ventilation, longer length of hospital stay and increased mortality. 1, [3] [4] [5] [6] [7] [8] In contrast, a negative fluid balance has been associated with improved organ function and survival. 9, 10 Fluid overload in the critically ill often occurs secondary to increased fluid administration, decreased urinary output or both. 2, 11 Its potential harm means that attention is increasingly being paid to the available techniques for fluid removal. 12 Pharmacological means (diuretics) and mechanical modes of fluid removal (ultrafiltration via renal replacement therapy (RRT) techniques) are both used to improve and restore optimal volume status. [13] [14] [15] To date, however, there is no evidence supporting the use of one technique over the other. Thus, the choice of therapy for fluid removal remains at the discretion of the treating intensivist, and appears influenced by renal function, urine output and the severity of fluid overload. 1, 2 Given existing uncertainties, the perception that international clinical practice might vary, and the desire to develop interventional trials, we aimed to ascertain how Intensive Care Specialists in Australia and New Zealand (ANZ) and the United Kingdom (UK) define, assess and manage fluid overload in critically ill patients. This data will describe current selfreported practice and inform the design of future studies targeted at optimizing fluid management in the critically ill.
Methods

Survey design
We designed a succinct, multiple-choice online questionnaire. The questionnaire was piloted at two centres in the UK and Australia and refined prior to distribution. We obtained approval from the Austin Health Human Research Ethics Committee for the study (approval no. LNR/15/Austin 402).
Questionnaire
The survey consisted of 12 questions (see online supplementary material). Information on location, scope of practice and postgraduate qualifications in intensive care medicine (ICM) was obtained. Methods used to assess fluid status, features which were felt to support a diagnosis of fluid overload, indications for commencing fluid removal, specific approaches used in the management of fluid overload and preference for pharmacological versus mechanical means for fluid removal were then sought. The survey was constructed using an online survey design and reporting tool (https://www.surveymonkey.com).
Survey distribution
All 71-member units of the Australian and New Zealand Intensive Care Society Clinical Trials Group were approached and asked to invite their ICU Specialists to participate. An invitation was sent by e-mail containing a link to the survey. In the UK, the survey was publicised via the Intensive Care Society (ICS) website with the invitation to participate containing a link to the survey. A link to the survey was also distributed by e-mail to representatives of the UK specialty-lead groups in ICM for regional distribution. Participation was voluntary and anonymous. Responses were obtained over a four-month period from October 2015 to January 2016. A response to the invitation was taken as implied consent for participation.
Statistical methods
Statistical analysis was performed using GraphPad QuickCalcs (https://www.graphpad.com/quickcalcs/). Categorical variables were compared using Fischer's exact test with responses to questions from ANZ and UK specialists being grouped into strongly agree, agree versus neutral, disagree and strongly disagree for comparison and statistical significance defined by a P-value of <0.05.
Results
Respondent demographics
In total, 219 responses were received (Table S1 ). Sixty per cent of respondents were from the UK, 40% from ANZ. Nearly two-thirds of respondents (63%) held a post-graduate qualification in ICM and an allied specialty, more UK respondents held a postgraduate qualification solely in only an allied specialty (P ¼ 0.0001) and more ANZ respondents held a postgraduate qualification in ICM alone. Overall, more than half (58%) of respondents worked in a tertiary hospital/specialist centre, but this was more common amongst the respondents from ANZ (P 4 0.001). Almost all respondents (99%) treated medical and general surgical patients in their ICUs.
Assessment of fluid status
ICU specialists from ANZ and the UK are most likely (very often or often) to use clinical examination (98% respondents) and bedside measures of fluid status (e.g. weight and cumulative fluid balance) (94% respondents) to assess the fluid status (Table 1) . Radiological appearances (69%) and patient oxygen requirements (72%) are also commonly used 'very often or often'. Measures of fluid responsiveness from invasive cardiac output monitoring devices are predominantly used 'sometimes, infrequently or rarely', although the latter are more likely to be used by intensivists in the UK than in ANZ (P 4 0.001).
Diagnosing fluid overload
UK and ANZ intensivists selected a number of features to support a diagnosis of fluid overload ( Table 2 ). These included an increase in estimated or measured body weight >10% above baseline (76%); clinical examination findings (93%); recognized radiological features (85%) and the presence of potential complications (such as increasing oxygen requirements, difficulty weaning from invasive ventilation and intra-abdominal hypertension) (87%).
Indications for fluid removal
Respondents 'agreed' or 'strongly agreed' that in isolation, a significant increase in body weight above baseline (45%), a significantly positive fluid balance (61%), and clinical and radiological features suggestive of fluid overload (86%) were indications to remove fluid in a critically ill patient (Table S2) . A significantly elevated central venous pressure (CVP) was not considered helpful as a guide for initiating fluid removal (86% neutral/disagree/strongly disagreed with this indication).
Managing fluid removal in the critically ill
The most popular approaches (used often or very often) for managing fluid removal included targeting a clinician-set fluid balance (84%), which was more popular amongst UK respondents (P 4 0.001), fluid removal targeted to clinical examination findings (64%) and fluid removal titrated to physiological parameters such as cardiac output measurements, blood pressure and gas exchange (48%) ( Table 3 ).
Modality for fluid removal
RRT was most likely to be used ahead of diuretic therapy, if a fluid-overloaded critically ill patient was oligo/ anuric (76% respondents) ( Table 4 ). It was also likely to be used if there was an inadequate response to a trial of diuretic therapy (60%) and if there was a significant acute kidney injury even when no traditional indications for RRT existed (51%). When significant fluid overload was present, almost half of respondents (43%) said they would use RRT rather than diuretics in the first instance. Continuous RRT was the most popular modality of RRT being employed by 88% of respondents overall; intermittent haemodialysis was used more frequently by UK intensivists (P ¼ 0.05).
Review of fluid removal goals
In critically ill patients, UK and ANZ intensivists 'agreed' or 'strongly agreed' that circumstances which would trigger a review of their planned fluid removal strategy were an increase in vasopressor requirements (96%), clinical signs of poor tissue perfusion (90%), increasing serum lactate levels (86%) and a falling cardiac index (72%) (Figure 1 ).
Discussion
Key findings
We surveyed intensive care specialists in the UK and ANZ to understand their approach to the assessment and management of fluid overload in critically ill patients. We identified that they most frequently use a combination of clinical examination, bedside tools and radiological features to assess fluid status and diagnose fluid overload. The most popular approach adopted in the management of fluid overload was to target a clinician-set fluid balance. RRT was likely to be used ahead of diuretic therapy if a fluid-overloaded critically ill patient was oligo/anuric or to deal with an inadequate response to a trial of diuretic therapy. A significantly elevated CVP was not regarded as being an indication for fluid removal in the critically ill. An increase in vasopressor requirements was the most common reason clinicians reviewed their fluid removal strategy.
UK specialists were more likely to use measures of fluid responsiveness and target fluid removal to a clinician-determined daily net fluid balance in their diagnosis and management of fluid overload, but overall there were few statistically significant differences in the answers given in this survey between intensivists from the UK and ANZ. 
Relationship to previous findings
The association between fluid balance and adverse outcomes in critical illness is now well established and investigators are beginning to prospectively evaluate benefit from strategies to minimize or treat fluid overload in critical illness. 16, 17 However, there is no clear consistency regarding definition of fluid overload, monitoring of volume status or preferred method of fluid removal. Numerous methods now exist to assess intravascular volume status. 18, 19 However, we found that clinicians reported using a combination of the available methods rather than relying on one alone. 2 Studies examining diuretic therapy in the ICU have specifically focused on the role of diuretics in critically ill patients with AKI. [20] [21] [22] In AKI, diuretics have been associated with improved outcome if their use achieves a negative fluid balance in patients with AKI. 23 This underlines the fact that diuretics are a tool to manipulate salt and water balance, not renal function. A multinational survey of diuretic use by intensive care physicians and nephrologists which generated 331 responses from 16 countries, found that the use of furosemide in AKI was common (67.1%), delivered primarily intravenously and by bolus dosing. 24 However, no studies have considered the use of RRT for prevention or resolution of fluid overload in the critically ill either as an adjunct, or as an alternative, to diuretic therapy, while studies of mechanical ultrafiltration in the setting of decompensated chronic cardiac failure have given inconsistent results. 25, 26 
Study implications
This study has shown that UK and ANZ intensivists assess fluid status and diagnose fluid overload based on clinical examination, bedside tools and radiological findings, while ultrasound techniques and information provided by invasive intravascular devices are not routinely preferred. Thus, it appears that in most ICUs in the UK and ANZ fluid status is being assessed in various inconsistent ways using a variety of non-evidence based, poorly specific and poorly sensitive techniques. However, such a stance is difficult to criticise given the absence of good quality evidence to support more complex monitoring and the evidence against the use of historically important measures such as CVP and pulmonary artery catheter measurements.
We have found that in practice, in those patients with significant AKI, oliguria or inadequate response to diuretics extra corporeal fluid removal was an Table 4 . RRT modality and situations in which respondents would choose to use RRT rather than diuretics to remove fluid from a patient in the ICU. acceptable therpaeutic option. These findings suggest that many clinicians would have equipoise for participation in studies examining early use of RRT or ultrafiltration in the critically ill prompted by a fluid balance threshold.
Strengths and Limitations
This study has several strengths. To our knowledge, it is the first study to document the self-reported practice of specialists practicing in ICM with regard to the assessment, diagnosis and management of fluid overload in the critically ill. Secondly, the survey has allowed us to define the situations in which ICU practitioners are more likely to use RRT than diuretics for fluid removal. Thirdly, we subjected our survey to robust assessment before its distribution, using both expert review and a pilot version.
The study also has limitations. First, as a survey of self-reported practice, our results do not necessarily represent actual clinical practice. However, ICM is a well-established specialty in both the UK and ANZ, and hence the extremes of practice, particularly given the similarities in medical education and postgraduate training, are unlikely. Secondly, there is an imbalance in sub-specialty representation between the UK and ANZ. A greater proportion of ANZ respondents worked in tertiary referral centres. Thirdly, we only surveyed a proportion of the critical care practitioners who were motivated to respond to the survey. However, the size of our response from 219 ANZ and UK ICU specialists suggests our findings may be representative of the general view of ICU practitioners in these countries. Finally, our findings may not represent practice in other countries justifying the need for a larger, multinational study to determine this.
Conclusions
This survey provides the first self-reported account of practice with regards to fluid status assessment and the diagnosis and management of fluid overload in critically ill patients by ICU specialists in the UK and ANZ. It found that fluid overload remains poorly defined and there is some variability in both management and practice, including the use of RRT. Our results justify the need for observational studies of actual practice in the management of fluid overload. 
